Available lactations of grade cows calving between 1954 and 1969 and coded as one of five dairy breeds with identified, registered sires were screened. All herd-years having grade progeny sired by bulls in active artificial insemination service and progeny of sires not in active artificial insemination service were used. There were 819 Ayrshire, 6, 834 Guernsey, 60,190 Holstein, 5, 294 Jersey, and 898 Brown Swiss herd-years. Three subsets were formed for comparisons at the same age (2 yr, 3 and 4 yr, 5 yr and older) in a herd-year. Cows sired by bulls in artificial insemination service had higher yields in almost all breed-age-year subclasses, but most values, except Holsteins, were not significant. Such superiority was generally greatest in cows calving as 2-yr-olds, usually declining with age. Average milk superiorities in kilograms over all ages for 1966 to 1969 were: Ayrshire, 84; Guernsey, 71; Holstein, 57; Jersey, 53; and Brown Sw/ss, 65. Fat superiorities were: Ayrshire, 3.2; Guernsey, 2.5; Holstein, 2.9; Jersey, 2.7; and Brown Swiss, 3.3.
Introduction
The difference between registered cows sired by bulls in artificial insemination (AI) and their naturally sired registered herdmates (non-M) was given in a previous paper (4) . Our study is concerned with cows reported as grades. Its purposes were: (1) to estimate yield differences between AI and non-AI grade cows on a nationwide basis by breed, age, and year and (2) to estimate differences in yield between grade and registered AI and non-AI COWS. McDaniel and King (4) have reviewed the scope and magnitude of differences between AI and non-AI cows found by other workers. Generally, AI cows have had higher yields.
Experimental Procedure
The data were lactation records of grade cows with sires identified by registration nttmber included in United States Department of Agriculture files for Ayrshires, Guernseys, Holsteins, Jerseys, and Brown Swiss that calved from 1954 through 1969. Comparisons of AI with non-AI were for four age-at-calving groups. They were 2-yr-olds, 3-and 4-yr-olds, 5-yr and older (later called mature), and all ages. There were 819 Ayrshire, 6,834 Guernsey, 60,190 Holstein, 5,294 Jersey, and 898 Brown Swiss herd-years with comparisons. The number of herd-years varied from 211 to 26,726 per breed-age group. For this study, AI further refers to daughters born 9 mo or more after their sires were placed in a recognized semenproducing business whereas non-AI includes all cows not meeting the definition for AI. Probably some progeny resulting from artificial insemination from bulls not in an artificial insemination stud are incorrectly labeled as naturally sired. Only cows whose sires were identiffed and not known to be in an artificial insemination stud were considered as natural/y sired; records of those whose sires were unknown were discarded. Only 305-day, 2X, ma-ture equivalent (ME) milk and fat records of cows on Official Dairy Herd Improvement test were used. AI and non-AI progeny within the same age group calving in the same herd and year were compared. All records more than 15 days long but less than 305 where the cow was denied an opportunity to milk 305 days were projected to 305 days by projection factors developed by McDaniel et al. (5) . Any 3X and 4X records were converted to 2X by Kendrick's factors (3) . Lactation records were adjusted to ME by factors of McDaniel et al. (6) . Lactation averages for the five breeds for 1954 through 1969 have been published in Dairy Herd Improvement Letters (1, 2) .
Weighted differences between AI and non-AI cows were computed by using (Nal X Nn .... i)/ (Nai + N ..... i) as the weighting factor (7) where:
N.~ = the number of lactations by AI cows in a breed-herd-year subclass; and N ..... ~ ----the number of lactations by non-AI cows in a breed-herd-year subclass.
Associated variances and standard errors were also computed by formulas of Tucker et al. (7) . Linear and quadratic regressions of milk and fat yield differences on year means were calculated for each age group. The number of herd-years with comparisons between AI and non-AI grade cows within breed-age groups and for all ages within breed is in Table 1 . Each entry in the table represents the number of herd-years in which both AI and non-AI progeny in the given age group appeared. Thus, there were 227 herd-years where 2-yr-old AI and non-AI grade Ayrshires were present. These comparisons within age were to remove some of the dependence on age adjustment factors and to reduce the effect of differential culling. The number of herdyears in the three age groups does not sum to the number for all ages because the latter is the number of herd-years containing any comparisons of AI with non-AI, regardless of age.
Results and Discussion
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Most AI vs. non-AI differences favored AI, but few of these differences were significant ~ as0 (P<.05) for any breed except Holstein. All breeds except Brown Swiss differed from their registered herdmates because most positive AI ~ ~ a0Ù differences were significant for their registered herdmates (4) . Differences in our study were ~ 150 generally smaller in later lactations than in ~_ early. The most likely reason is heavier culling for yield among non-AI cows. Longer herd-life ,~ 100 for AI cows is implied. Results of studies on other data sets by McDaniel (unpublished) ~-support this view. An alternate explanation is ~2 s0 that the use of artificial insemination has been d accompanied by selection for cattle that mature early and have an increase in yield related to 0: age that is less than that of progeny from nat-! ural service.
-50 Table 2 shows superiority or inferiority of sa AI progeny for milk and fat yield for grade Holsteins for all age groups by years as well as the range in associated standard errors. All The small numbers of herd years in many breed-age groups probably contribute to the lack of significance of differences in single age groups. Where numbers are large enough for a reasonable test (i.e., in the Holstein breed), individual differences are most likely significant in favor of AI. However, few age-groups show increasing AI superiority over time. As with registered cows (4), the differences probably do not represent the full impact of bulls used in artificial insemination on the dairy cow population because many sires of non-AI cows are sons of bulls used in artificial insemination.
Most milk and fat yields of grade cows sired by bulls in artificial insemination studs were greater than those of their contemporary non-AI grade herdlnates. Twelve of the 30 individual age groups showed a lower average AI superiority in the 1960's than in the 1950's. However, for most breed-age-year subelasses in all breeds except Holstein, AI superiority was insignificant.
Regression showed very few age groups increasing their AI superiority over time. Owners of grade dairy cows apparently are not using the better bulls in artificial insemination studs to the extent owners of registered cows are, and/or the grade cow owners may not be ~c AND MCDANIEL feeding and managing their cows as well as are registered cow owners.
